Objective To explore geographical and sociodemographic factors associated with variation in equity in access to total hip and knee replacement surgery. Design Combining small area estimates of need and provision to explore equity in access to care. Setting English census wards. Subjects Patients throughout England who needed total hip or knee replacement and numbers who received surgery.
INTRODUCTION
Fairness in access to health care has been one of the founding principles of the UK National Health Service (NHS) since its inception in 1948. Theoretically, inequity in access to care should not occur because the service provided by the NHS is free to patients at the point of use, yet it is apparent that many inequities in the provision and use of health services in Britain exist. 1 Health needs will not be the same across different areas of the country and will vary according to the demographic characteristics of an area. 1-3 Local planners must assess the health needs of their populations to ensure that appropriate provision is in place, so responsibility for the planning, commissioning, and delivery of NHS services has now been shifted to primary care trusts to make services more responsive to the needs of local communities. Primary care trusts are charged with assessing the health needs of all the people in their local area, ensuring services are available to, and can be accessed by, everyone who needs them. Service planning is informed by health equity audits, 4 and planners should use information on the health needs of the population to make decisions about the provision of services. 5 Joint replacement is an ideal condition to study for evidence of inequity. It is a common elective procedure that makes a substantial contribution to public health, hence it is an important equity indicator. In England, during 2008-9, the National Joint Registry recorded 82 419 knee operations and 77 608 hip operations. 6 Joint replacements are cost effective, 7 8 with good rates of prosthesis survival, 9 10 and reduce pain, increase mobility, and improve quality of life. [11] [12] [13] [14] [15] [16] [17] [18] The Musculoskeletal Services Framework recognises that the needs of different people vary across different areas and that evidence of social disparity has been reported for hip and knee replacement operations, with lower rates among the most disadvantaged, despite equal or greater indications of need. 19 The framework suggests that a detailed assessment of the true need for surgery is required to ensure a balanced provision of services, thus avoiding inappropriate use of resources and areas of need being deprived of resources. Fair access to joint replacement surgery is singled out in the National Strategic Framework for Older People. 20 To determine whether services are provided equitably, however, it is necessary to compare patterns of service provision relative to clinical need, but this is problematic as data on the latter are not routinely available. We combined estimates of the population need for, 21 22 and service provision of, 23 hip and knee replacement surgery across small areas of England to determine evidence of equity in access to joint replacement across various sociodemographic groups. We explored geographical variation in equity in access to surgery and describe the extent to which hospital characteristics and distance measures explain observed inequities. The methods used are general and could be used in other countries and can also be applied to other important clinical indicators.
METHODS

Data sources
The data we used to generate small area estimates of need and provision have previously been described elsewhere. [21] [22] [23] [24] English Longitudinal Study of Ageing (ELSA) We used a two stage, cross cohort approach to identify patients in need of hip/knee replacement surgery. 21 22 In the first stage we used a small area population based survey, the Somerset and Avon Survey of Health, 25 26 to provide a high quality measure of need for hip/knee replacement using the New Zealand score. We analysed receiver operating characteristic curves to validate a simplified New Zealand score, excluding information from clinical examination. In the second stage we used a nationally representative population based survey (English Longitudinal Study of Ageing) to identify patients in need of hip/knee replacement using the simplified New Zealand score.
The English Longitudinal Study of Ageing is a nationally representative population based survey of 11 392 people aged 50 and over living in private households in England. 27 The sample was drawn from households that had previously responded to the Health Survey for England in 1998, 1999, or 2001. The Health Survey for England 1999 also included a boost sample that represented ethnic minorities. Data for this analysis were obtained from the first wave of the longitudinal study (wave 1), conducted between March 2002 and March 2003. Weights were calculated for the core sample members, and we analysed only weighted data to reduce bias from non-random non-response to make the respondent sample more representative of the population. As the health module contains information on the severity of hip/knee pain and activities of daily living, we were able to assign patients a proxy New Zealand score to identify those in need of surgery.
We fitted a fixed effects Poisson regression model in the statistical software WinBUGS to estimate rates of need for joint replacement by age, sex, deprivation, rurality, and ethnic group, including important interaction terms. Estimates from the regression model were then combined with population counts from the 2001 census to generate overall predicted rates of need in the 79 690 age-sex-ward (census area statistics) groups in England, together with estimates of uncertainty. 21 22 English hospital episode statistics The hospital episode statistics database holds information on patients admitted to NHS hospitals, either as day cases or ordinary admissions. Private procedures are excluded as there is no requirement for private hospitals to provide data. We extracted data on all primary hip and knee replacement operations in 2002 for patients aged over 50. 23 To remove potential case mix issues from the sample and because of differences compared with planned elective surgery we excluded revision operations, cancers of the hip and knee bones, fracture of the hip and knee bones, injuries from trauma, such as transport crashes and falls, and nonelective admissions.
Covariates for inequity model
Sociodemographic variables-Patient level variables were age (50-59, 60-69, 70-79, 80-84, ≥85) and sex. Ecological variables were linked to the ward the patient lives in. These comprised fifths of deprivation according to the 2004 index of multiple deprivation (weighted to the ward population as each ward varies in size), rurality (urban with population of at least 10 000; town and fringe; village/isolated); ethnic mix of the area (white (≥10% white and ≤0.5% black, Asian, and other), nonwhite (all remaining groups)).
Hospital and distance variables-We estimated the annual volume of hip and knee replacement operations performed in each hospital in 2002 (fifths). We obtained a list of hospitals that are orthopaedic training provided information on total numbers of consultants, consultants in trauma and orthopaedics, and consultant anaesthetists. Department of Health KH03 and KH12 returns provided the average daily number of available and occupied beds, bed occupancy rate, and numbers of operating theatres and dedicated day case theatres. Using geographical information systems (GIS) software ArcView 3.3, we used Thiessen polygons to create catchment areas for each hospital that carried out joint replacements in 2002, allowing hospital characteristics to be expressed as rates per 100 000 catchment population. To include hospital variables in the model they need to be assigned as ward level variables. If the centroid of a ward lies in a hospital's catchment area, we allocated the hospital's characteristics to that ward. Geographical information systems transportation software Base TransCAD was used to calculate road travel times.
Statistical methods
A multilevel Poisson regression model was fitted to the hospital episode statistics dataset containing individuals in age-sex group i, in ward j, and in district k, to generate rates of provision of joint replacement by age, sex, deprivation, rurality, and ethnic group. We included an offset term to allow for the size of the population in each ward, age, and sex group. Extra Poisson variation was specified to allow for evidence of overdispersion that remains after adjustment for clustering. From the English Longitudinal Study of Ageing dataset we had the predicted log rate of need (standard error) in each of 79 690 age-sex-ward groups in England and linked this into the hospital episode statistics dataset.
Using the simulation environment provided by the statistical software WinBUGS (1.4.3.), 28 29 we then controlled for the log rate of need in each age-sex-ward group as an additional covariate in the multilevel Poisson regression model. The model compares the log of the rate ratio of provision relative to need in each group, producing equity rate ratios by sociodemographic, hospital, and distance variables (see appendix 1 on bmj.com). We used flat non-informative priors, so the inference is dominated by the data and hence is similar to likelihood based classic methods. An equity rate ratio of 1 implies equity in access to care, while an equity rate ratio <1 suggests one group receives less provision relative to their need than another group. We used a random intercepts multilevel model to control for evidence of clustering in the data by allowing the overall rate of provision relative to need to vary across wards and districts.
We began by fitting a multivariable model including the sociodemographic variables alone, testing for evidence of important interactions. We then looked at the effect of hospital and distance variables by fitting a full model including all variables and using backwards selection to exclude variables that did not improve model fit. Random slopes models were then individually fitted for each sociodemographic variable to see if their effects varied across districts. We produced overall rates of equity (provision relative to need) for each of the 354 districts in England, together with estimates of uncertainty.
RESULTS
For total hip and knee replacement we observed an "n" shaped curve by age. Compared with people aged 50-59, those aged 60-84 received greater provision relative to need, but those aged ≥85 got less (tables 1 and 2). Men received 8% more hip replacements relative to need than women (and 31% more knee replacements). People living in the most deprived areas received around 70% less provision relative to need compared with people in the least deprived areas for both hip and knee replacement. Those in urban areas got greater provision of knee replacement relative to need. The effect was different for hip replacement, with people in village/isolated areas getting the most provision relative to need and those in town/fringe areas the least. Ethnic mix of the area had no effect on hip replacement, but for knee replacement people in non-white areas received higher provision relative to need compared with those in predominantly white areas. Inclusion of hospital and distance variables did not attenuate the pattern of inequities observed in different sociodemographic groups. Some variables were associated with overall rates of inequity. For hip and knee replacement, higher surgical volumes, orthopaedic training centre status, greater numbers of trauma and orthopaedic consultants, and fewer overall consultants were associated with greater provision relative to need. For hip replacement, more operating theatres and longer road travel times were associated with greater provision relative to need; as were, for knee replacement, more dedicated day case theatres.
We found evidence of important interactions (see appendices 2 and 3 on bmj.com). For example, for knee replacement there was an interaction between sex and deprivation, whereby the effect of men receiving greater provision relative to need than women was strongest in the least deprived areas and weakest in the most deprived areas.
Geographical variation
Previously we produced maps displaying rates of need and provision of hip and knee replacement across the 354 districts in England. 22 23 Visually comparing the maps of rates of need and provision by district suggests potential geographical variation in equity in access to care. Some districts with high rates of need get low rates of provision, some districts with low rates of need get high provision, and in some districts rates of need reflect provision. This is confirmed when we combined our data comparing rates of provision relative to need to produce equity rate ratios. There is evidence that the overall rate of provision relative to need (equity) varies geographically across England depending on the sociodemographic characteristics of an area. We found evidence of additional geographical variation over and above that explained by the variables in the regression model. For hip replacement the overall rate of equity was 44.2/1000, which implies that for every 1000 people in need of surgery 44 will receive an operation (30.9/1000 for knee replacement). We predicted the overall rate of equity in access to hip and knee replacement for each district in England (fig 1 and fig 2) adjusted for sociodemographic, hospital, and distance variables, together with estimates of uncertainty. A district with a high rate of equity (dark green) is providing more operations for people in need than a district with a low rate of equity (light green). On average, a district in the bottom fifth would have to perform an additional 24 hip replacement operations per 1000 people in need (13/1000 for knee replacement) to move from the bottom to middle fifth. For hip and knee replacement the level of equity is worse for people living in the north, the West Midlands, and London. People living in the south of England fare best (with the exception of London), where those in need of surgery are more likely to get an operation than in other areas of the country. Table 3shows the top 10 districts with the highest and lowest rates of equity.
We found evidence that the pattern of equity by sociodemographic group varies geographically across districts (see appendices 4 and 5 on bmj.com). For example, for knee replacement in Manchester there was no evidence of sex inequity (rate ratio 1.02, 95% confidence interval 0.82 to 1.27), while in Stratford-on-Avon men got greater provision relative to need compared with women (1.67, 1.31 to 2.13).
Sensitivity analyses
To identify whether or not a person is in need of joint replacement surgery in the English Longitudinal Study of Ageing dataset, we used the New Zealand score out of 80, with a cut off of 48. 21 We conducted a sensitivity analysis, repeating the analyses to generate small area predictions in each district of England using both higher and lower choices of threshold (43 and 53, respectively). 22 Although the overall rate of need for hip and knee replacement surgery differed depending on the cut off used, the geographical pattern remained unchanged. Regardless of the choice of threshold, the same districts were identified as having high or low rates of need.
DISCUSSION
Main findings
This study provides evidence of geographical variation in equity in access to hip and knee replacement in England by sociodemographic group. We combined two different sources of routine data into a single statistical model to explore inequity. The advantage of this approach is that it allows the analyses to be reproduced in the future with updated estimates of provision as part of a continual cycle of equity audit.
The overall rate of equity we described seems low (44.2/1000 for hip replacement, 30.9/1000 knee replacement), suggesting substantial underprovision of surgery. The rates are somewhat arbitrary, as different treatment thresholds will either increase or decrease these values, but do not invalidate relative comparisons. Our estimates, however, fit with those of other studies estimating rates of need 25 26 30-33 and provision of joint replacement. [34] [35] [36] [37] We previously described an overall rate of need of 31.6/1000 for hip replacement and 41.4/1000 for knee replacement, while our estimated rates of provision were 199.1/100 000 and 188.1/100 000, respectively. In some part this underprovision is caused by a lack of data from the private sector (20% of joint operations are carried out in private institutions 38 ). In addition, our data on surgical provision are from 2002 and the numbers of joint replacement operations performed annually has increased substantially since then. 6 We were also unable to adjust our estimates of need to exclude patients who are unwilling to undergo surgery or are not suitable clinical candidates. In the Somerset and Avon Survey for Health adjustment for willingness for surgery led to a 9% reduction in the estimated need for hip replacement 26 (and a 36% reduction for knee replacement 25 ). Adjustment for such factors would help us to understand why the observed inequities exist, but data are not available from the private sector, we have no information on willingness, and although data on comorbidities are available it is unclear what would make a patient an unsuitable candidate for surgery given improvements in modern anaesthesia, surgical techniques, and prosthesis survival.
Findings in context
Consistent with our findings, previous research suggests that older people have a greater need of hip and knee replacement but are less likely to receive care. 30-33 39 A Canadian study found that compared with those aged ≤62, people aged 63-81 were more likely, and those aged ≥82 years less likely, to undergo joint surgery. 40 This fits the "n" shaped curves we observed. Adjustment for willingness did not attenuate this effect. Other studies in England have also found evidence of inequity favouring men, 32 33 but a Canadian study found no evidence that sex was associated with time to receipt of joint replacement. 40 Others have found that those in more deprived areas or of lower social class, education, or wealth have greater need of joint replacement but receive less or equal provision. 32 33 39 41 This again is consistent with our findings. The Canadian study found education was a strong predictor of receipt of joint replacement, but adjustment for patients' willingness removed this effect. 40 Our findings by rurality are not consistent with those of the Wiltshire and Sheffield study, which found no evidence of such inequity, 32 33 but this might simply reflect local factors. Studies identifying people with hip and knee disease in the general population found that white people were more likely than black people to see an orthopaedic surgeon, 42 and African Americans were less likely than white people to get knee replacement. 43 A Canadian study found that race was not associated with time to receipt of knee replacement but studied a predominantly white sample. 40 The data support the growing body of research showing evidence of inequity in access to health care, 44 notably in other specialties such as cardiology, where older patients and women are less likely to be referred for coronary artery bypass grafting, exercise testing, and cardiac catheterisation. [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] In the treatment of heart disease, people living in more deprived areas have less access to services. 50 55-59 Patients in lower socioeconomic groups are less likely to be investigated once the disease develops and are less likely to be referred for cardiac surgery thereafter. South Asians are less likely to receive revascularisation, independent of clinical need and social class. 60 In the US white people are more likely than black people to receive revascularisation procedures after coronary angiography. 61 
Limitations
Strengths and limitations of the routine data sources used for this analysis are described elsewhere. [21] [22] [23] [24] One strength of our study is the two stage cross cohort approach used to identify patients in need of surgery. The advantage of small area population based studies is that they are specifically designed to estimate the population requirement for joint replacement surgery and have a high quality measure of need that is confirmed radiographically and through clinical examination. Small area studies, however, are limited in terms of their generalisability. On the other hand, large nationally representative population surveys are more generalisable but are often not designed to examine a specific health problem and rarely have detailed clinical data or radiography results, or both. By using a two stage cross cohort approach we combined the strengths of these two study designs. A limitation of hospital episode statistics is the lack of individual data. Information on social class or obesity are unavailable, and ethnicity is incompletely recorded. To overcome this we used ecological variables of deprivation, rurality, and ethnicity, hence ecological bias might be present. Concerns have been raised over the completeness and accuracy of data collected for administrative rather than research purposes, and importantly it might contain incomplete or inaccurate diagnostic and operation coding, though joint replacement procedures seem to be well coded (97-100% accuracy). [62] [63] [64] We modelled rates of provision and need during the same time period. While we think that the level of need is unlikely to change acutely, rates of provision are more liable to change, though this would probably affect the absolute rates rather than relative levels of provision. Future work could model in lag times to allow for any latency periods. One major limitation is the lack of data on provision from the private sector, and anecdotally it has been suggested that this could explain low rates of provision in London, where up to 30% of patients go private, leading to an overestimate of unmet need in this area. Putting this into the context of our overall findings, however, we found evidence of a strong gradient for deprivation where people in affluent areas have the highest provision relative to need. Attempting to incorporate data on provision from the private sector would probably strengthen this further so that we are probably underestimating the area deprivation effect in this study. In addition, we estimated the effect of deprivation for each district in England (see appendices 4 and 5 on bmj.com), and the pattern we observed is consistent across all districts including those in London. Use of data on provision from the National Joint Registry would help to overcome this limitation as they include information from both private and public sectors.
The main problem lies in trying to identify where and why the inequities occur in the care pathway. The purpose of Health Equity Audit is to first identify whether inequities occur. If inequities exist, interventions are required to tackle the problem; the cycle being repeated to see whether interventions were effective. One strength of our analysis is that we were able to consider whether hospital variables explained observed inequities but found no evidence they were important, suggesting causes of inequity might lie further down the care pathway, at the level of the patient, general practitioner, or consultant. The advantage of small area one-off studies designed specifically to estimate need for joint replacement is consideration of the extent to which patients' willingness and fitness for surgery attenuate observed inequities. We were unable to do this, though the literature highlights how patients' willingness and physician bias might explain observed inequities.
Older people are less willing to seek or want joint replacement. 25 40 43 65-68 Because the symptoms of arthritis get progressively worse over time, older people consider it a normal part of ageing, 69 70 adapting their lifestyles to cope and not considering surgery as an option. [71] [72] [73] In younger people, the impact on work and social lives is greater so they seek surgery to get back to normal. 25 67 69 73 74 Older people want to be perceived as ageing well; seeking help means losing their "healthy" status. 70 72 74 They are more stoical and have led harder lives, remembering a time before the NHS existed and making them reluctant to use health care. 69 70 72 74 It is important for policy makers to consider that the next generation of older people might be more demanding and have greater expectations of their right to surgery. This cause of age inequity might resolve itself in years to come without the need for intervention but will bring with it greater demand for surgery. Studies controlling for patients' willingness found that age inequities remained, suggesting that once patients see a general practitioner or orthopaedic surgeon further barriers exist. 40 Older patients might find that some general practitioners confirm symptoms as an inevitable part of ageing and say that nothing can be done. 69 73 74 Some do not believe that older people are suitable candidates for surgery and think that it would not be successful if offered, with poor outcomes, particularly for knee replacement. 25 69 72 Conversely younger people also find themselves discriminated against by some general practitioners, who think they are too young for an operation and should wait until they are older. 73 Women might be less willing to have joint surgery 25 43 (some suggest equally willing [65] [66] [67] ), as are people of lower socioeconomic status 67 and African Americans. 42 The common explanation being that these groups are less positive about the benefits and outcomes of surgery, being largely influenced by friends and family and those they know who had surgery. 69 71 72 The decision to have surgery is based on advice from friends and family and experiences of others, rather than opinions of health professionals. Physicians are more likely to refer men than women for knee replacement. 75 Studies in heart disease support the view that older patients, women, and those from deprived areas are less likely to opt for surgical intervention and seek access to care 45-47 76 77 and doctors are less likely to refer elderly patients and women. 45 47 In addition, they provide further insight as to the reasons why patients are less willing to access care and causes of physician bias, but it is unclear whether the reasons why people are unwilling to seek access to care for a life threatening disease such as heart disease would apply to joint replacement, which has the aim of
WHAT IS ALREADY KNOWN ON THIS TOPIC
Joint replacement is a common elective procedure that makes a substantial contribution to public health, hence is an important equity indicator Local health planners are required to conduct health equity audits and need information on small area estimates of both the need for and provision of joint replacement surgery to provide services equitably
WHAT THIS STUDY ADDS
Analysis of combined sources of routine data in a single statistical model showed evidence of underprovision of hip and knee replacement relative to need in England There is evidence of inequity by age, sex, deprivation, rurality, and ethnicity, and this varied by geography; hospital and distance variables did not explain evidence of inequities observed improving quality of life by reducing levels of pain and disability.
Older people and women are less likely than younger people to prefer surgery, mainly because of the impact of treatment on their personal lives. 46 Qualitative studies in relation to chest pain suggest that women are more reluctant to consult their partners, not wanting to worry them, instead relying on the advice of friends, which did not lead to seeking health care. 77 Women were reluctant to report pain for fear of being told off for unhealthy behaviours (smoking, overweight) and feared wasting doctors' time. Such themes are common in people seen for joint replacement surgery. People in deprived areas were more stoical about getting heart disease because of a strong family history of disease and knowing people at risk of or with the disease. 76 They normalised their chest pain, had other important medical conditions, expressed concerns about overusing medical services, and were less able to distinguish it from other physical conditions, such as chest infections, heartburn, and stress. They were more likely to report negative experiences of health care (negative perceptions of the benefits and outcomes of surgery) and to have lower expectations of health care. Such themes are common in joint replacement surgery and could explain why those of lower social class are less willing to consider surgery. Patients are aware of the common risk factors for heart disease such as smoking and obesity, but poorer individuals were more likely to feel guilty for their chest pain and believe that their general practitioners would blame them for their health problems, hence acting as a deterrent to healthcare seeking behaviour. The idea of blame is apparent in literature on joint replacement. As joint disease is more common in people with manual occupations, this could be a further explanation why people in more deprived areas are less willing to seek care for joint replacement. People from more affluent areas were more likely to have greater medical knowledge and have informed discussions with general practitioners, with some reporting privileged access to health care through connections and friends in the medical profession. 76 
Conclusion
In this study we have developed a novel methodological approach combining small area estimates on the need for and surgical provision of hip and knee replacement surgery to explore evidence of inequity in access to care. The method described here is general and can be applied to other important equity indicators. Hospital provider characteristics did not explain the observed inequities by age, sex, deprivation, rurality, and ethnic group, suggesting causes of inequity might lie further down the care pathway at the level of the patient, general practitioner, or consultant. Further research is required to enable the design of interventions that could ameliorate these patterns. 
